The possibility of a prototype thermoelectric cooling device for operation near liquid nitrogen temperatures has been explored. In these devices, the figure of merit involves a combination of the properties of the two branches of the module. Here, we investigate the fabrication of a module with a new low temperature material, CsBi 4 Te 6 (p-type), and the best known low temperature n-type materials Bi 85 Sb 15 . Transport measurements for each of these materials show high performance at low temperatures. Known values for the figure of merit Z max
INTRODUCTION
Thermoelectric coolers with high efficiencies near cryogenic temperatures could open new possibilities for applications of high temperature superconducting devices, improved performance from optical detectors, and other traditional electronic materials such as GaAs, particularly in devices utilizing quantum confinement.
A well-known low temperature thermoelectric material is Bi 85 Sb 15 , which can be made as an n-type material; however, a high quality p-type Bi 85 Sb 15 has remained elusive. A recently discovered [1], low temperature p-type thermoelectric material is CsBi 4 Te 6 . The focus of this work was to investigate the combination of these materials in the fabrication of a low temperature thermoelectric module for cooling applications near 100K. Utilizing optimal properties for these materials, simulations of heat flow and temperature gradients for various current levels through a device is shown in Figure 1 and 2. These simulations are based on the well known formula:
that relates the heat flow, Q C , through the module to the Peltier cooling (S m IT c ) which includes the thermopower of the module, S m , the current, I, through the module with a cold side temperature, T c . The thermal conductance of the module is K m and a temperature gradient, ∆T, is established across the module. One half of the I 2 R heating losses go to the cold side of the module, where R m is the resistance of the module.
Temperature dependent thermoelectric properties of samples used in this study are shown in Figures 3 through 6 . The Bi 85 Sb 15 sample shows the characteristic high electrical conductivity and large magnitude thermopower increasing at lower temperatures. The thermal conductivity also shows large magnitude in good agreement with reported values [2, 3] . It may be possible to slightly increase these values through improved cutting procedures to assure the best orientation of the samples for current flow parallel to the trigonal axis. This is not the optimal sample for CsBi 4 Te 6 as can be seen from these figures. A high electrical conductivity for this sample can be seen, however, the thermopower is lower than has been reported earlier in the literature [1]. The properties shown in the above plots were fit to fifth order polynomials and utilized in modeling a device based on these actual materials used. Results of this modeling are shown in Figures 7 and 8 where a gradient near 7K is predicted at 100K, over 20K at 200K, and over 30K at 300K. A single junction module was fabricated by cutting (wire saw) a p-type leg of CsBi 4 Te 6 then electroplating the ends of the sample with nickel (2 minute plate time). This sample was then characterized in a 4-sample measurement system utilizing a modified pulse technique [4] for simultaneous measurements of electrical conductivity, thermoelectric power, and thermal conductivity [5] . Measurements on this module are shown in Figure 9 . The initial measurements were obtained at 306K, where up to 5K cooling was observed. The module was subsequently cooled to 80K and data collected at several temperatures indicated in the figure. As the module was warmed to 300K, significant deviation from the initial curve at 306K was found. It was noted that the solder used in fabricating the above module did not exhibit good wetting of the samples or contacts. An attempt was, therefore, made to improve on this module performance by investigating the use of different solder and flux. A second module was fabricated using standard SnPb solder along with a stronger flux. Good wetting was observed in this case, and an improved device performance was measured as indicated in Figure 13 . Current levels were swept from zero to a maximum current and back to zero again. The higher temperature measurements show good overlap for current increasing and current decreasing measurements, while the lower temperatures exhibit some looping in the data. Apiezon  N grease was used to improve the thermal interface between the module and the cryostat. Module resistances indicate a much lower contact resistance contribution, but not at a negligible level yet. Figure 13 ).
CONCLUSIONS
Results from the first CsBi 4 Te 6 -Bi 85 Sb 15 thermoelectric modules have been presented. Cooling of over 12K was observed near room temperature and approximately 2K cooling at 120K. High quality materials and contacts have been found to be essential toward achieving the expected behavior for these modules. Ongoing work will focus on improved electrical contacts to these materials.
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